Background: Appropriate classification of obesity is vital for risk assessment and complication prevention during pregnancy. We aimed to explore which pre-pregnancy BMI cut-offs of obesity, either BMI ≥ 25 kg/m 2 as recommended by the WHO for Asians or BMI ≥ 28 kg/m 2 as suggested by the Working Group on Obesity in China (WGOC), best predicts the risk of adverse maternal and perinatal outcomes. Methods: We retrospectively reviewed 11,494 medical records for live singleton deliveries in a tertiary center in Guangzhou, China, between January 2013 and December 2016. The primary outcomes included maternal obesity prevalence, adverse maternal and perinatal outcomes. Data were analyzed using the Chi-square test, logistic regression, and diagnostics tests.
Background
The prevalence of obesity is on the rise throughout China and the rest of the world in recent decades, including women of childbearing age [1, 2] . Greater adiposity in pregnancy is associated with increased risk of gestational diabetes, hypertensive disorders of pregnancy, higher birth weight, preterm delivery, large for gestational age, and cesarean section (C/S) [3] [4] [5] [6] . Therefore, to ensure these women can receive medical advice and closer monitoring, many national and international antenatal guidelines recommend an early diagnosis of overweight and obesity in women of childbearing age [7, 8] .
According to the World Health Organization (WHO), the cut-offs of BMI for defining overweight and obesity for Caucasian populations are 25 and 30 kg/m 2 [9] . Previous studies have shown that the Chinese, as well as other Asian populations, have a lower BMI but a higher percentage of body fat than Caucasians of similar age and gender [10, 11] . As such, the BMI criterion for Asian populations should be lowered so as to better suit the characteristics of this racial group. For Asian populations, the expert group of the WHO defines BMIs of 23.0-24.9 kg/m 2 as overweight and ≥ 25.0 kg/m 2 as obesity [12] . This expert group has labeled these recommendations as temporary and stated that these need to be further validated by additional epidemiological research, owing to limited information available about Asian populations [13] . BMI cut-off points of 24.1-27.9 kg/m 2 for overweight and ≥ 28.0 kg/m 2 for obesity have been proposed by the Working Group on Obesity in China (WGOC) and the International Life Sciences Institute Focal Point in China [14, 15] . The proposal was primarily based on a large, national population (20-to 70-years-old), cross-sectional study of anthropometric indices and cardiovascular risk factors. Optimal classification of obesity is vital for risk assessment and weight management, for both the individual and health professionals. However, it is unclear whether these recommendations can also adequately reflect the risk of adverse maternal and perinatal outcomes among pregnant women. The objective of this study was to investigate the application of obesity criterion of BMI recommended by the WHO for Asians and WGOC in pregnant Chinese women to identify which recommendation best identifies those at risk of adverse maternal and perinatal outcomes.
Methods

Study population and clinical data
This study is a retrospective cohort study. We reviewed the medical records of ethnically Chinese women with singleton pregnancy and a live delivery at the First Affiliated Hospital of Sun Yat-sen University, Guangzhou, China, between January 2013 and December 2016. Inclusion criteria were as follows: gave birth at 28 or more completed weeks of gestation; and complete antenatal and birth data. Exclusion criteria were as follows: preexisting diabetes and hypertension. A total of 11,494 women were included, among which 9,178 (79.9%) were nulliparous. The study was approved by an ethics committee of The First Affiliated Hospital of Sun Yat-sen University.
Demographic data were collected for each participant and included maternal age (years), clinical history, pre-pregnancy weight (self-reported or any measured weights during the 1 year before pregnancy), height, and prenatal care (date of prenatal visit and complications of pregnancy). Pre-pregnancy BMI was calculated as weight in kilograms (kg) before pregnancy, divided by height in meters squared (m 2 ). Maternal obesity was defined using the WHO classification for Asian populations (BMI ≥ 25kg/m 2 ) and WGOC (BMI ≥ 28kg/m 2 ). All possible thresholds were defined for BMIs between 19 and 28kg/m 2 in three unit increments. Adverse obstetrics outcomes were compared in the classification among the study population.
Maternal and perianaloutcomes included prevalence of C/S,operative vaginal delivery (OVD), preeclampsia (gestational systolic BP ≥ 140mmHg ordiastolic BP ≥ 90mmHg [at least two readings, 4h apart], with 1+ of proteinuria or more on dipstick), gestational diabetes (according to the criteria established by the American Diabetes Association) [16] , and postpartum hemorrhage. Outcomes among neonates included preterm birth (delivered <37 +0 weeks gestation), shoulder dystocia, large for gestational age (LGA), small for gestational age (SGA), a low Apgar score (1 or 5-min Apgar score less than 7), and admission to the neonatal intensive care unit (NICU).
LGA and SGAwere defined as birth weight above or below the 90 th and 10 th centiles of the local scale, respectively, after adjusting for gender and gestational age [17] .
Statistical analysis
All statistical analyses were performed using the Statistical Package for Social Science version 21.0 (SPSS, Inc., Chicago, IL, USA) and R 3.3.1 (R Project for Statistical Computing., Vienna, Austria). Data are expressed as mean ±standard deviations (SD) for normally distributed variables, median with interquartile range for skewed data, and as frequencies for categorical variables. Differences between groups were assessed using the Mann-Whitney U-test, Kruskal-Wallis test or Chi-squared test, as appropriate. The BMI group of 19~22 kg/m 2 was used as the reference or comparison group. Maternal age and previous C/S were considered as confounding factors in the determination of all adjusted odds ratios in relation to BMI level. The risks of maternal and perinatal complications were presented as adjusted odds ratio with 95% confidence interval (95% CI) after adjusting for the confounding factors. We adopted the Chi-square test for trend to investigate whether the prevalence of adverse obstetric outcomes in different BMI groups manifested a linear trend. Moreover, bootstrap resampling was performed 1000 times to calculate the 95%CI of the Youden indexes criteria and the 95%CI of the difference of Youden indexes between the two criteria, thereby revealing their predictive effect on adverse maternal and perinatal outcomes. P-value less than 0.05 was defined as of statistical significance. If the 95%CI of the difference of Youden indexes between the two criteria did not cover a zero value, it was indicated that the Youden indexes of the two criteria were at statistically different levels.
Results
Obesity prevalence
The prevalence of obesity was 7.2% (95% CI, 6.7~7.7) according to the WHO criteria for Asian populations (BMI ≥ 25kg/m 2 ); this proportion decreased to 1.7% (95% CI, 1.5~2.0) when using the Chinese-specific threshold (BMI ≥ 28kg/m 2 ) (Fig. 1 ). The characteristics of the women are listed in Table 1 . Mothers with obesity were more likely to be older, have a previous cesarean delivery, shorter gestational week, and higher birth weight of their offspring (p < 0.001).
Trends in maternal obesity and associated risks of adverse maternal and perinatal outcomes As presented in Table 2 , with increasing BMI, the risk of GDM, preeclampsia, LGA, and C/S increased, indicating that women with obesity are at increased risks of the above complications. The prevalence of GDM, preeclampsia, C/S, and LGA manifested a positive linear trend with increasing BMI (P for trend < 0.001). In contrast, risks for SGA and OVD decreased with increasing BMI. Increasing BMI was not associated with an increased risk of PPH, preterm birth, shoulder dystocia, low Apgar's score or admission to the NICU. Thus, we considered GDM, preeclampsia, C/S, and LGA as obesity-related adverse maternal and perinatal outcomes (Fig. 2) .
Variable BMI group and obesity related adverse perinatal complications. Table 3 showed the odds ratios associated with obesityrelated adverse maternal and perinatal outcomes in the group of BMI ≥ 28kg/m 2 in comparison with the group of 25 ≤ BMI < 28kg/m 2 . The risks of preeclampsia, C/S, and LGA were similar between the two groups, except that the risk of GDM was a little higher in the group of BMI ≥ 28kg/m 2 (AOR was 1.47[95% CI: 1.05~2.07]).
Effectiveness of the two obesity criteria to predict adverse outcomes
The sensitivities, specificities and Youden indexes of BMI ≥ 25 kg/m 2 and BMI ≥ 28 kg/m 2 in predicting adverse outcomes were shown in Table 4 . Compare to BMI ≥ 28 kg/m 2 , the sensitivity of BMI ≥ 25 kg/m 2 rose by 3-4 folds, while the decrease in specificity was minor. The Youden index of BMI ≥ 25 kg/m 2 predicting the risk of GDM was higher than that of BMI ≥ 28kg/m 2 . Similar 
Discussion
In our study, women with obesity were at significantly increased risk of maternal and perianal complications. Although women whose BMI ≥ 28 kg/m 2 were at high risk of complications, it was similar to those whose BMIs were between 25 and 28kg/m 2 . We found that BMI ≥ 25kg/m 2 is better at predicting the risk of maternal and perianal complications than BMI ≥ 28kg/m 2 . Therefore, we suggested that BMI ≥ 25 kg/m 2 is more appropriate than BMI ≥ 28 kg/m 2 for defining obesity for pregnant women in South China.
BMI is a single acceptable predictor of adverse outcomes [18] . Our results show that increasing BMI is associated with increased risks of GDM, preeclampsia, C/S, and LGA, supporting results of previous studies [3-5, 19, 20] . SGA and operative vaginal delivery were negatively associated with increasing BMI, indicating that obesity was not associated with increased risk of SGA and operative vaginal delivery. Therefore, we considered GDM, preeclampsia, C/S, and LGA as obesity-related maternal and perinatal outcomes. Chui and colleagues concluded that a BMI of 25kg/m 2 in Chinese adults was equivalent to a BMI of 30 kg/m 2 in Caucasian subjects in terms of identifying those at risk of diabetes; [21] this finding indicates that the criterion of BMI should be race-specific. Leung et al. found that, compared with Caucasians, the impact of high BMI on gestational diabetes and preeclampsia in Chinese women was stronger [19] . However, the effect of different obesity criteria on predicting the risk of maternal and perinatal outcomes has not been addressed.
Youden's index (also known as Youden's J statistic) is a single statistic that captures the performance of a dichotomous diagnostic test. A higher value of the Youden's index indicates better test authenticity. Aye M et al. used Youden's index to identify the optimal cut-off point of BMI to predict the metabolic risk factors for metabolic syndrome among people aged 13-91 years [22] . Oliveira et al. used sensitivity, specificity, and overall accuracy (area under the curve) to describe the predictive performance of different diagnostic criteria of obesity as predictors of metabolic syndrome in adolescents [23] . In the research, we aimed to compare the WHO for Asians and WGOC obesity criteria's effectiveness in predicting adverse maternal and perinatal outcomes, rather than finding the cut-point of the maximum predictive ability. Therefore, we use sensitivity, specificity and Youden index to evaluate the two cut-points' predictive abilities. The sensitivity of BMI ≥ 25 kg/m 2 was 3-4 folds higher than BMI ≥ 28 kg/m 2 , while the decrease in specificity was minor. The Youden index of BMI ≥ 25 kg/m 2 was higher than that for BMI ≥ 28 kg/m 2 , indicating that BMI ≥ 25 kg/m 2 has a better predictive value on the risk of obesity-related maternal and perinatal outcomes.
The association between the BMI and adverse maternal and perinatal outcome is likely to be driven by body fat. Although body fat was not measured in our study, many researchers have shown that BMI is an accurate assessment of the amount of adiposity. ) criteria resulted in a better Youden index than the WGOC BMI criteria among middle-aged Chinese women [25] . In our study, the prevalence of obesity was 7.2% according to the WHO for the Asian BMI-obesity criterion; but was just 1.7% based on the WGOC criterion. This is because most of our subjects were from South China, which is a relatively slim population. However, if the WGOC standards (defining BMI ≥ 28 kg/m 2 as obesity) are applied, a significant proportion of at-risk patients might be missed (about 5.5%). A lower BMI cut-off at 25 kg/m 2 for defining obesity would better predict those at risk of adverse obstetric and perinatal outcomes and, therefore, enable the development of adequate support to reduce the incidence of adverse maternal and perinatal outcomes.
To our knowledge, this study is the first to compare the different obesity criteria's effectiveness in predicting adverse maternal and perinatal outcomes. However, some limitations of our study should also be noted. Pre-pregnancy BMI was calculated using weight and height, and most of these data were likely to be self-reported. Nevertheless, self-reported BMI has been shown to have high specificity (96-98%) and sensitivity (86-92%) in women of childbearing age (20-49 years) [26] . Also, pre-pregnancy self-reported weight seems to be highly correlated with early pregnancy measured weight (r = 0.95) [27] . Also, this single-center study might not be representative of the general population. However, the center is the national key clinical department in South China with about 4000-delivery per year. Relevant guidelines were strictly followed in the management and care of pregnant women in this hospital, thereby avoiding the occurrence of adverse outcomes owing to the subjective factors of medical staff, which makes the outcomes more objective and reliable. In addition, the Youden indexes of BMI cut-offs for obesity were not high, because the sensitivities of them were low, which implicated that we couldn't identify diseased and non-diseased individuals respectively only by BMI in clinical practice. We need to set up a model to predict a specific complication of pregnancy, in which more indicators should be included. These results could provide some evidence for further study. Lastly, lower BMI cut-off for obesity would cause a larger number of Chinese pregnant women to be treated as high-risk pregnancies. Therefore, a large, multi-center trial and further research addressing cost-effectiveness are warranted.
Conclusions
Our results support the notion that obesity is associated with adverse perinatal outcomes. A lower BMI cut-off of 25 kg/m 2 for defining obesity might be appropriate for Chinese pregnant women and help to identify those at risk of adverse maternal and perinatal outcomes. These results are important for women who are pregnant or are planning to become pregnant, as well as for clinicians who guide or provide prenatal counseling for women. BMI body mass index; GDM gestational diabetes mellitus; C/S caesarean section;
LGA large for gestational age; CI confidence interval.
a Obesity related outcomes required at least one in the following items: GDM, preeclampsia, C/S, and LGA b
The difference of Youden index between the two groups was statistically significant
